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Abstract

DRACUNCULIASIS (GUINEA WORM DISEASE) IS A PARASITIC disease that is
limited to remote, rural villages in 13 sub-Saharan African coun-
tries that do not have access to safe drinking water. It is one the
next diseases targeted for eradication by the World Health Orga-
nization. Guinea worm disease is transmitted by drinking water
containing copepods (water fleas) that are infected with Dracun-
culiasis medinensis larvae. One year after human ingestion of in-
fected water a female adult worm emerges, typically from a lower
extremity, producing painful ulcers that can impair mobility for
up to several weeks. This disease occurs annually when agricul-
tural activities are at their peak. Large proportions of economi-
cally productive individuals of a village are usually affected si-
multaneously, resulting in decreased agricultural productivity and
economic hardship. Eradication of guinea worm disease depends
on prevention, as there is no effective treatment or vaccine. Since
1986, there has been a 98% reduction in guinea worm disease
worldwide, achieved primarily through community-based pro-
grams. These programs have educated local populations on how
to filter drinking water to remove the parasite and how to prevent
those with ulcers from infecting drinking-water sources. Complete
eradication will require sustained high-level political, financial
and community support.
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racunculiasis (guinea worm disease), caused by

the nematode parasite Dracunculiasis medinensis,

is a painful, disabling disease of impoverished,
rural villagers in 13 sub-Saharan African countries that
do not have access to safe drinking water. The disease has
a low mortality rate but causes an enormous amount of
morbidity and is often economically devastating for af-
fected villages."” The Global Dracunculiasis Eradication
Campaign, which began in 1981, has reduced the number
of afflicted people by 98%. In 1986 there were 3.5 mil-
lion cases in 20 different countries in Asia and Africa. In
2002 fewer than 55 000 cases were reported, from 13
African countries. The greatest burden of guinea worm
disease today occurs in Sudan, Ghana and Nigeria. These
3 countries together account for 93% of all cases world-
wide, with Sudan reporting 73% of the cases.® The goal
of the Global Dracunculiasis Eradication Campaign is to
stop transmission of guinea worm disease outside of Su-
dan by the end of 2004, and within 4-6 years after peace
and stability have been achieved in the disease-endemic
areas of Sudan.

The guinea worm and its life cycle

The nematode D. medinensis belongs to the order of
Spirurida, which are tissue parasites that produce eggs
containing larvae or release free larvae and that require
arthropods as intermediate hosts. The best-known exam-
ples of this order are the filariae, which include the impor-
tant human parasites Wuchereria bancrofti and Brugia
malayi (causes of elephantiasis), Onchocerca volvulus (cause
of river blindness) and Loa loa (the eye worm). The mature
female guinea worm is one of the longest nematodes, mea-
suring up to 1 m in length, but is only 1-2 mm thick.
There is no known animal reservoir of infection (even
though this has not been conclusively disproved), which
makes eradication much more probable if safe drinking
water can be ensured.

A summary of the guinea worm’s life cycle is depicted
in Fig. 1. People become infected when they drink water
containing copepods (water fleas) that harbour infective
larvae. The ingested copepods are killed by the digestive
juices of the stomach. The released larvae then move to
the small intestine, where they penetrate the intestinal wall
and migrate to the connective tissues of the abdominal
wall and the thorax. Male and female larvae mature and
mate 60-90 days after infection. The male worm dies
shortly after mating, and the female matures over the sub-
sequent 10-14 months, slowly migrates to the surface of
the body and emerges through the skin. When affected
body parts are submerged in water, the female worm re-
leases larvae, which are ingested by copepods, thus com-
pleting the life cycle.?

Epidemiology

The seasonal variation of guinea worm disease is closely
related to rainfall. In arid areas, transmission usually co-
incides with the rainy season, when surface water is avail-
able. In wet areas, transmission is most intense in the dry
season, when sources of drinking water are limited. Stag-
nant sources of drinking water, such as ponds, cisterns,
pools in dried up riverbeds, temporary hand-dug wells and
step-wells, commonly harbour populations of copepods
and are the usual sites where infection is transmitted.”’

Guinea worm disease is limited to villages that depend
on contaminated sources of drinking water. In disease-
endemic villages the prevalence ranges from 15% to
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70% 27112 The incidence of disease varies by sex, age and
occupation, and by village and country. This variation is
likely due to how and where people of different ages and
sex obtain their drinking water.”’

Only a few cases have been imported to the Americas,
although all countries are required to report all cases to
the World Health Organization (WHO). Because of the
1-year incubation period, these few cases have occurred in
recent immigrants or refugees from Sudan or other dis-
ease-endemic countries.”

Clinical manifestations

Infected people remain assymptomatic for about
1 year after infection, at which time the mature female
worm approaches the skin and forms a papule in the der-
mis (Fig. 2) that is painful because of the host reaction.
The initial blister is accompanied by redness and indura-
tion and is preceded by a slight fever, an urticarial rash
with intense pruritus, and systemic symptoms of nausea,
vomiting, diarrhea and dizziness. Over the course of up
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2. Gastric juices kill the
copepods; the released larvae
penetrate the host's stomach
and intestinal wall and enter

the abdominal cavity and

retroperitoneal space

4. A year after infection,
the female worm induces
a painful blister and
begins to emerge
through the skin

5. When the lesion comes into contact with water, the
emerging worm releases larvae into the water source.
Free-living larvae survive ony 3 days until they find a host.

Fig. 1: Life cycle of the guinea worm.
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to several days the blister enlarges and ruptures to expose
the adult worm (Fig. 3). The pain and systemic symp-
toms decrease with the rupture of the blister, and the
worm usually is manually extruded by winding it onto a
stick over several weeks.

More than 90% of worms emerge from the lower ex-
tremities, usually below the knees.*™'""* Infected people
commonly have a few worms emerging at the same time
(1.8 per person on average), with as many as 14 reported in
one individual.'? Secondary infection of the ulcers occurs
in most cases, because the rural populations have little ac-
cess to medical care. In addition to local cellulitis, wound
complications may lead to abscess formation, tetanus, sep-
tic arthritis or systemic sepsis. Infection of joints may sub-
sequently result in deformities or contractures.”* The pro-
longed incapacity per episode of guinea worm disease is
due to the emergence of worms from weight-bearing parts
of the body and high rates of secondary infection. Continu-
ing pain for 12-18 months after the emergence of worms
was experienced by 28% of people with guinea worm dis-
ease in one study, and permanent physical impairment in
the form of “locked” knees or other joints occurred in
0.5% of this population.?"?

During their migration, guinea worms may occasion-
ally end up in aberrant locations such as the pancreas,
lung, periorbital tissue, testes, pericardium and the spinal
cord, causing local compressive symptoms and local ab-
scess formation."

There is little or no acquired immunity to this disease,
so it is not uncommon for an individual to develop guinea
worm disease several times during their life, and as often
as annually.?

Treatment

As the guinea worm emerges through the dermal le-
sion, the affected person pulls it out slowly and carefully
(to minimize inflammation and pain) by winding a few
centimetres of the worm each day onto a stick. This
painful process may take several weeks, as the worm may
be up to 1 m long. The pain can be relieved with wet
compresses on the lesion and the use of an oral analgesic.
The risk of bacterial superinfection can be reduced with
the use of topical antiseptics or antibiotic ointment." In
one study the mean duration of disability from guinea
worm disease was 50% shorter among patients who had
been given antibiotics as well as instructions and supplies
to clean and dress their wounds than among those who
did not receive any intervention.’ No anthelminthic med-
ication is effective against the disease, and there is no vac-
cine.”"” Chippaux' found that treatment with mebenda-
zole was associated with aberrant migration of worms,
which were more likely than usual to emerge in places
other than the lower limbs. Prevention is the only effec-
tive intervention to reduce the incidence of guinea worm
disease.

Guinea worm disease

Economic impact

Guinea worm disease occurs almost exclusively in iso-
lated rural areas. Although rarely fatal, it causes a major
economic burden on affected villages. In Nigeria it has
been estimated that infected people lose 100 days of work
per year® and that children are absent from school for 25%
of the school year.® The cost in lost revenue for the individ-
ual and the community can be very high. In a study in
Benin, the annual cost of guinea worm disease was esti-
mated to be 16 000 CFA francs per patient (US$60).” From
a survey of 87 households in southern Nigeria, the esti-
mated annual loss in 3 rice-growing states in southern
Nigeria was US$20 million. The Dogon people of Mali
have referred to guinea worm disease as “the disease of the
empty granary.”?

The World Bank has estimated that the economic rate
of return on the investment in guinea worm eradication
will be about 29% per year once the disease is eradicated.
This rate is based on very conservative estimates of the
average amount of time infected workers are unable to

The Carter Center / S. Fitzgerald

Fig. 2: Foot blister induced by the female guinea worm in a
person with dracunculiasis (guinea worm disease).

Fig. 3: Guinea worm emerging from foot ulcer.
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work."” The benefit of eradication will be limited almost
exclusively to the villages and countries in which the disease
is endemic. The benefit of guinea worm eradication for the
global community will be the knowledge that it has partici-
pated in reducing the suffering of some of the world’s most
underprivileged populations and that these populations will
be provided with safe drinking water and community-based
health volunteers who are capable of delivering other basic
health services.”

Eradication

Guinea worm disease has been reported in writings from
India, Greece and the Middle East since antiquity, and
dead female worms have been found in 3000-year-old
Egyptian mummies. Historically, the disease occurred in
Algeria, Egypt, the Gambia, Guinea Conakry, Iraq, Brazil
and the West Indies but died out spontaneously in these ar-
eas. Guinea worm disease was eliminated from Uzbekistan
in 1932 and from southern Iran in 1972 through case iden-
tification and containment and through elimination of the
parasite from water reservoirs.?

"The United Nations declared 1981-1990 to be the Inter-
national Drinking Water Supply and Sanitation Decade
(IDWSSD), raising the possibility that guinea worm disease
could be eradicated by improving the quality of human
drinking water. In 1981 the US Centers for Disease Control

and Prevention (CDC) proposed that guinea worm disease
would be the ideal indicator with which to measure the suc-
cess of this global initiative. By the mid-1980s, however, it
was evident that it would not be possible to gather all of the
resources needed to achieve the intended goals of the
IDWSSD. As a result, in 1986 The Carter Center led a
movement, in collaboration with the CDC, UNICEF and
the WHO, to increase advocacy and funding for the Global
Dracunculiasis Eradication Campaign. High-level advocacy
has been an important aspect of the campaign, with sus-
tained support by former US president Jimmy Carter and
2 former African heads of state, Amadou Toumani Touré of
Mali and General Yakubu Gowon of Nigeria.?*'* As the
campaign gained momentum, transmission of guinea worm
disease decreased in several countries, and in 1991 the
World Health Assembly passed a resolution calling for the
eradication of guinea worm disease by 1995.

Since the beginning of the Global Dracunculiasis Eradi-
cation Campaign, 7 countries have eradicated the disease,
including Pakistan (1993), Kenya (1994), India (1996),
Cameroon, Senegal and Yemen (1997) and Chad (1998)**
(Fig. 4). Because of the campaign, the number of reported
cases decreased from 3.5 million cases in 20 countries in
Asia and Africa in 1986, to fewer than 55 000 cases in 13
African countries in 2002 (Sudan, 41 493; Ghana, 5606;
Nigeria, 3820; Togo, 1479; Mali, 857; Burkino Faso, 580;
Cote d’'Ivoire, 266; Niger, 233; Benin, 157; Mauritania, 42;

WHO Collaborating Center for Research, Training and Eradication of Dracunculiasis

Bl Currently disease-endemic (= 100 cases)
[ Currently disease-endemic (< 100 cases)
[] Formerly disease-endemic

1998 = Last indigenous case reported

Fig. 4: Map of current and former dracunculiasis-endemic countries, 2002.
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Fig. 5: A Togolese woman strains her family’s drinking water
through a cloth filter to prevent them from contracting guinea
worm disease.

Ethiopia, 24; and Uganda, 6 [number not reported for
Central African Republic]).

The ultimate success of an eradication program depends
not only on favourable biological factors but also on soci-
etal acceptance of the intervention and the political will to
carry it out. Guinea worm disease is a good candidate for
eradication for several biological reasons. First, the disease
has a limited geographic distribution and the marked sea-
sonal occurrence allows for periods of more intensive inter-
vention. Second, transmission is only from those with clini-
cal disease and there is no known animal reservoir. Third,
because symptoms develop within 1 year after infection,
with predictable timing, the disease is easy to recognize and
diagnose, which facilitates identification and containment
of active cases. Finally, effective preventive measures such
as health education and water filtration are available to pre-
vent transmission.”**

The main strategies of the Global Dracunculiasis Eradi-
cation Campaign have been to identify all communities
with endemic disease transmission, contain all active cases
(thereby preventing contamination of drinking water
sources) and educate the populatdon about methods to avoid
ingestion of contaminated drinking water. These objectives
have been achieved through training volunteer village-based
health workers to educate villagers about the origin of the
disease, its mode of transmission and methods of preven-
tion. Villagers are taught to avoid ingestion of contaminated
water by filtering water through cloth filters (Fig. 5) and are
educated about the care and management of people with ac-
tive infections so that they do not contaminate sources of
drinking water (Fig. 6). Vector control through the addition
of Abate (a copecide) monthly to unsafe sources of drinking
water to control the copepod population (the intermediate
host) has also been used. Another important aspect of the
control program has been the provision of monthly reports,
based on active surveillance of cases, to the community by
the volunteer village-based health workers.>*#%
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Guinea worm disease

The successful implementation of these strategies has
led Global Dracunculiasis Eradication Campaign to target
the eradication of guinea worm disease in all countries ex-
cept Sudan by the end of 2004. Sudan has the greatest bur-
den of disease in the world, primarily because a 20-year-
long civil war has made it difficult to implement an
effective eradication program. A program was first estab-
lished in Sudan in 1995 when former president Jimmy
Carter negotiated a successful 4-month “guinea worm
cease fire.” All fighting ceased during this period, allowing
health care workers to educate villagers about guinea worm
disease and to disseminate cloth filters in some of the re-
motest areas of the country.?**” This did not have a lasting
effect, however, as the civil war currently prevents access to
affected villages, particularly in the southern part of the
country. It is estimated that at least 5 years will be required
to eradicate guinea worm disease in Sudan once an effective
program is established.”” Continued success of the Global
Dracunculiasis Eradication Campaign will depend on ade-
quate funding, the ongoing cooperation of affected vil-
lagers, continued political support and political stability in
affected countries.

Conclusion

The Global Dracunculiasis Eradication Campaign has
been enormously successtul over the past 20 years, reflected
in a decrease of the global burden of the disease by 98%.
This has been achieved through high-level political advo-
cacy, sustained financial support and community-based
health interventions implemented by villagers. The chal-
lenge to complete the eradication of guinea worm disease
worldwide remains in the resolution of the long-standing
civil war in Sudan followed by the institution of effective
prevention programs in that country.

Fig. 6: A young man with guinea worm disease receives edu-
cation on the life cycle of the guinea worm and how to pre-
vent contamination of drinking-water sources.
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